ABSTRACT: The rocky intertidal zone of central Chile compnses a diverse array of invertebrate and vertebrate (i.e. birds, fish, humans) predators In this system, like in most temperate rocky shores, predation by small 'terrestrial' mammals such as mice and rats has been largely overlooked. This study documents predation on intertidal organisms by Norway rats Rattus norvegicus in a marine preserve in Las Cruces, central Chile. Five species of small mammals, 3 endemic and 2 introduced, were found in the littoral zone of the marine preserve. R. norvegicus was the most abundant of these species throughout the year-long mark-recapture study. Ten burrows of R. norvegicus containing remains of intertidal organisms were located in the littoral zone, 8 inside the marine preserve and 2 ca 200 m outside. Remains found in the burrows and stomach content analyses showed that rats prey on 40 d~fferent intertidal species, including both mobile and sessile organisms from the mid to the very low intertidal zone. The most numerous prey species in the burrows were keyhole limpets (490 individuals), mostly Fissurella crassa, followed by porcelanid crabs (187 individuals) and cancrid crabs of the genus Acanthoc}/clus (101 individuals). Prey composition in the burrows varied greatly. Some burrows were dominated by keyhole limpets and others by crabs, suggesting some degree of specialization by individual rats. Comparison between keyhole limpets found in burrows and on intertidal rocks inside the marine preserve showed that rats remove the smaller, less abundant sizes of keyhole limpets from the population, probably due to mechanical restrictions to dislodging larger individuals. The number of small keyhole limpets (<55 mm long) that Norway rats can potentially remove from the marine preserve in a year (over 8730) as compared to numbers of small limpets in the preserve, suggest that R. norvegicus may have important effects on the population structure and abundance of these species. Since humans deplete keyhole limpet populations outside the marine preserve, rats may compensate for part of the effects of humans harvesting inside the preserve. Preliminary data suggest that rats are less abundant in places distant from human populations and thus the proximity to human populations can be an important factor in deciding the location of marine preserves.
INTRODUCTION
Predation, together with a variety of other factors, is an important process regulating populations and communities (e.g. Paine 1966 , Connell 1975 , Menge & Sutherland 1987 , Menge & Farrell 1989 , Schoener 1989 . This is particularly true in aquatic and rocky intertidal systems, where predators can have dramatic effects on the composition and relative abundance of species (Sih et al. 1985 , Kerfoot & Sih 1987 . Rocky & Paine 1987) . Some studies have experimentally shown the important, community-wide effects of some of these species (Castilla & Duran 1985 , Paine et al. 1985 , Duran & Castilla 1989 , while others have suggested the potential effects of other predators, such as crabs and fish, on their prey populations (e.g. Paine & Palmer 1978 , Castllla 1981 , Cancino & Castilla 1988 , Navarrete & Castilla 1988 , 1990a . Humans are also part of the set of predators that exert their effects on intertidal communities. The installation of marine preserves from which humans were excluded demonstrated the dramatic effect of human harvesting on the intertidal seascape (Castilla & Duran 1985 , Castilla 1988 , Duran & Castilla 1989 , Marquet et al. 1990 ). Effects of humans have also been experimentally demonstrated in southern Chile (Moreno et al. 1984 (Moreno et al. , 1986 . In the intertidal zone of central Chile, where predation is a dominant structuring factor, little or no ;:tention has been given to a set of 'ierresiriai' and unusual predators, namely mice and rats. In fact, predation by such organisms on intertidal communities has been overlooked or considered a priori of no importance h: ! mcst marine ecc!cgists ?re-2.1, thc :vor!d (but see Fig. 2 of Menge & Sutherland 1987) .
In general, quantification and experimental assessment of the effects of highly mobile predators (e.g. birds, fish, crabs, rats) on intertidal organisms represent an important challenge, mostly because of the difficu1.t~ of excluding them from a large enough area while allowing free access by other species (see Edwards et al. 1982 , Menge 1982 , Castilla & Paine 1987 . Robles 1987 for discussions). However, using ingenious designs a few studies have demonstrated the significant effects of mobile predators such as birds (Marsh 1986) , fish (Menge et al. 1985 (Menge et al. , 1986 , crabs (Peterson 1979) , and lobsters (Robles 1987) . Likewise, small mammals (e.g. rats, mice), which can have relatively large foraging ambits and can cover large areas of coast quicker than their invertebrate counterparts, could also have important effects on prey communities.
Several instances of predation by small mammals on littoral invertebrates of rivers and lakes have been documented (e.g. Van Cleave 1940 , Parisi & Gandolfi 1974 , Nieder et al. 1977 , Hanson et al. 1989 , Stewart et al. 1989 ). However, similar information for marine I~tto-ral zones is rather anecdotal (e.g. Frank 1965 ). Only recently 2 notes reported predation by mice and rats on marine intertidal organisms in southern Chile (Martinez et al. 1986 , Zamorano 1986 . The presence of burrows with shell remains inside a marine preserve in central Chlle and the sporadic sightings of rats and mice in the llttoral zone by local people motivated us to take a closer look at predation by these highly mobile organisms. Here we describe and quantify predation by the most abundant of these species, the Norway rat Rattus non~egicus, in an effort to gain insight into the effects this species might have on intertidal prey population~ and communities.
MATERIAL AND METHODS
This study was conducted in Las Cruces, central Chile (33" 301S, 71" 38' W) , where the marine preserve Estacion Costera de Investigaciones Marinas (ECIM) of the Universidad Catolica de Chile is located. The exclusion of humans from this marine preserve in 1982 resulted in important changes in the populations of invertebrates, which in turn had cascading effects in the entire community (see e.g. Castilla & Duran 1985 , Oliva & Castilla 1986 , Duran et al. 1987 , Castilla 1988 , Bustamante & Castilla 1990 , Marquet et al. 1990 ). Detailed descriptions of the intertidal zone of central Chiie can be found in the reierences above and in Duran & Castilla (1989) , Santelices (1989 Santelices ( , 1990 , and Navarrete & Castilla (1990a, b) .
To determine which species of small mammals inhzbit the littoral zone izside the preserve and io esiimate their abundance, a mark-recapture study was conducted from May 1988 through March 1989. Two transects about 110 m long and 10 m apart were established parallel to the coastline in the southern part of the marine preserve. The transects covered a ca 1 l00 m2 area of littoral zone of the total ca 89 400 m2 in the preserve (measured from aerial pictures). This littoral zone is a strip of land about 90 m wide (range 60 to 130 m), delimited landward by a 30 m high vertical cliff and seaward by the high water level. The lower (seaward) transect ran mainly across the rocks at the maximum high water level; the other (landward) transect followed the shoreward border of the terrestrial vegetation. Eleven trapping stations were established every ca 10 m along each of the transects. In each station 2 traps were used: a regular size Sherman trap (75 X 85 X 240 mm) to capture small animals, and a Tomahawk (170 X 190 X 600 mm) to capture larger animals. A total of 22 pairs of traps were baited with rolled oats at sundown for 6 consecutive days and checked early the next morning. Trapping was conducted monthly, except for June and December 1988. Animals captured in the traps were weighed, measured (body length and total length including tail), marked by toe-clipping and then released at the place of capture. Large animals were anesthetized with ether to facilitate marking and then allowed to completely recover before being freed. In August 1988 and February 1989 2 parallel transects with the same number of traps were also set in Punta Salinas, a locality outside the marine preserve, about 1500 m north of the village of Las Cruces. Rodent abundances were estimated using Chapman's modification of the Lincoln-Petersen index (N') for mark-recapture data (Seber 1982 (Seber , 1986 ). This index has been shown to be the least biased estimator for small populations when there is no previous knowledge about the behavior of the species (Menkens & Anderson 1988) . Confidence intervals (CI) for the estimated population size were obtained using Chapman's equation of variance ( V ' ) with the assumption of an appl-oximately normal distribution (C1 = 1.96 LP; Seber 1982) . Because the Lincoln-Petersen estimator uses data from only 2 trapping periods, data from the first 3 days and second 3 days of trapping were pooled, as suggested by Menkens & Anderson (1988) . Pooling of data in symmetrical periods reduces the number of parameters and improves the performance of the index (Menkens & Anderson 1988) . The conversion of the estimated number of animals ( N o ) to density requires knowledge of the effective area sampled by the traps (Seber 1982) . Estimation of this area using recapture information was complicated in this study by 2 factors: (1) since trapping was aimed at the animals inhabiting a strip of land next to the intertidal zone (littoral zone) we did not use a grid of equally spaced traps in all directions, hampering the estimation of home ranges and area sampled (see Seber 1982 , Wilson & Anderson 1985 , for discussions); (2) the low number of traps and low number of animals captured precluded the use of the nested subgrids method (e.g. Otis et al. 1978) . With this restrictions, the effective area sampled by traps was estimated by adding % the average home range diameter of the species, obtained from the literature, to the outermost line of traps (Dice 1938 , Tanaka 1980 , Seber 1982 . Assuming circular home ranges of about 0.35 ha for Rattus norvegicus (Calhoun 1962) and 0.15 ha for Akodon olivaceus (Redford & Eisenberg 1992), the effective areas sampled for these species are 13 560 and 8316 m 2 respectively.
To study the stomach content of rodents, 2 transects of snap-traps were established parallel to the coastline about 50 m outside the marine preserve in Las Cruces and in Punta de Tralca, about 12 km north of Las Cruces. We did not trap animals for stomach content analyses inside the marine preserve to avoid killing animals there. However, because of the mobility of these rodents (see below), some of the animals captured in Las Cruces outside the preserve might have come from inside. The position of the transects with respect to the coastline was similar to the livetrap transects. A total of 50 regularly spaced traps along the transects operated for 4 to 10 d in May and December 1988 , January and February 1989 , and February 1992 Traps baited with rolled oats were set at sundown and checked the next morning. Animals captured in the traps were weighed, measured, labeled and frozen for later analysis. The stomachs of the animals were removed and analyzed under a dissecting scope. Prey items were identified to the lowest possible taxonomic level. Quantification of prey items in the stomachs was not possible because of the irregular mix of finely grained hard remains (e.g. shell pieces) with fleshy contents (e.g. green plants, muscle tissue) and the bait.
In March 1987, 8 burrows with remains of intertidal organisms and rodent feces were located inside the marine preserve. Two more burrows were located about 200 m beyond the southern boundary of the preserve. Burrows were non-destructively monitored every month from May 1988 through March 1989. All remains of prey inside burrows were collected and identified to the lowest possible taxonomic level, measured when possible (e.g. total shell length of limpets, carapace width or height of claw of crabs), and marked with permanent blue ink. All fragments of shell or carapaces (if broken) were marked and only main fragments (e.g. claws, plates of chitons) were considered in a conservative manner (e.g. l to 8 chiton plates = 1 individual). Remains were then returned to the respective burrows to avoid disturbing the animals using them. Prey biomass was estimated by using appropriate regression equations relating characteristic dimensions with fresh weight. When a regression was not available for a particular species, the relation for a closely related, similarly sized species was used.
To identify the species using the burrows during the course of the study without disturbing the animals, smoked cardboard plates were placed around the entrances of all burrows for 3 to 5 d in several different months. Animals leave their tracks imprinted in these plates when entering and leaving the burrow (see Justice 1961 ). Reference patterns of tracks for all the species captured in the littoral zone were obtained in the laboratory by allowing live animals to freely walk on smoked plates. Comparisons of these patterns with the tracks obtained in the field helped to determine the species using the burrows. Further confirmation of rodent identities were obtained by the end of the study (February and March 1989) , by placing livetraps in burrow entrances for several days and identifying the animals captured.
Because of the differences in the structure of communities inside and outside the marine preserve (Duran & Castilla 1989 , Marquet et al. 1990 ) the prey composition of burrows inside the preserve was compared with that of the burrows outside. To conduct such comparison and take simultaneously into account both the variations and CO-variations of the number of individuals of all 36 prey species, the Bray-Curtis (Polar) multivariate ordination technique was used. The minimum variance procedure was used to select the endpoints for construction of multivariate orthogo-nal axes (Beals 1984) . To improve the representation of burrows in the multivariate axes, results obtained by Bray-Curtis were subjected to non-metric multidimensional scaling (NMS; Kruscal 1964 ). This technique reduces the dissimilarity between the ranking of original distances between burrows and the distances in the new multivariate axes (Kruscal 1964 , Beals 1984 , McCune 1991 . These analyses were conducted using the program PC-Ord (McCune 1991).
To determine if Norway rats were able to eat live invertebrates and if they left some identifiable marks in the remains, individual rats were offered porcelanid crabs Petrolisthes violaceous and keyhole limpets Fissurella crassa in the laboratory. Four rats, previously fed on oats, were placed separately in large plastic containers (ca 1.5 m diameter) for 1 night and offered crabs, keyhole limpets attached to rocks, ham, and oats ad libitum. The bottom of the container was kept wet with sea water to provide a hurrlid atll~ospiiere for the invertebrates. The relative abundances of different sizes of the most important prey species found in the burrows were compared with the relative abundances of those sizes ii; :he field (marinc p:escrxve). The size distribution in the field was determined in 1 m wide transects parallel to the coastline in 4 exposed and 4 protected rocky benches at the low, mid and high intertidal zone. Length of transects varied between 5 and 15 m. Along the transects, all individuals of the species of interest were counted and measured.
RESULTS

Population estimates
Four species of small mammals were captured in the livetraps inside the marine preserve, the cricetid rodents Akodon olivaceus ('rat6n olivaceo') and Oryzornis longicaudatus ('colilargo') , the marsupial (Marsupicarnivora) Marmosa elegans ('yaca') outside the marine preserve (Table 1) . The largest (range 91.9 to 364.5 g body weight) and most abundant of these species throughout the study was R. norvegicus (Table l 
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and Akodon olivaceus are presented in Fig. 1 Table 2) . Some of the prey species in the burrows are found almost exclusively amongst or inside holdfasts of the kelp Lessonia nigrescens in the very low intertidal zone (Cancino & Santelices 1984) . The remains also included 2 soft-bottom species of bivalves, a land snail (Table 2) , and few carcasses of insects (not quantified). All the carapaces of the crab Petrolisthes violaceous and a few of other porcelanid species had a small cracked hole in the posterior end of the cephalothorax.
The keyhole limpet Fissurella crassa was the most Minimum abundance of about 6 individuals (4.4 ind. ha-') was observed in winter (May through July) while maximum abundance of about 31 individuals (22.9 ind. ha-') was observed in summer (January through March Comparison of the tracks left by the animals on smoked plates placed around the burrows with the laboratory track patterns showed that all burrows inside and outside the marine preserve were occupied only by Rattus norvegicus throughout the study. Indeed, R. norvegicus was the only species captured in the livetraps placed in the burrows toward the end of the study. Closer examination of the tracks suggested that each burrow was occupied by only 1 individual at the time, although not necessarily the same one throughout the study.
Mat. Ecol. Prog. Ser. 92: 187-199, 1993 were observed. Some were dominated by keyhole limpets (Burrows a to c, Fig 2) and others by crabs (Burrows d to f, Fig. 2 ). Pooling all burrows together, keyhole limpets (all Fissurella species) and crabs (all decapod species) were the most abundant items throughout the year (Fig. 3) . Mussels ( P purpuratus) were also found in the burrows throughout the year, reaching maximum relative abundance in May (27.5 %). Snails (all species) were absent from the burrows in April, June, and August, and were most abundant in March (12.5 %).
The relative abundance of prey items also varied greatly between the 2 burrows 0utsid.e the marine preserve, although in both of then1 the 3 species of Fissurella were absent (Fig. 4) . Results of Bray-Curtis and NMS ordination showed that when considering simultaneously all 36 prey species (2 species of fish were not considered in the analysis) the burrows outside the preserve do not differ from the ones inside the marine preserve (no segregation of Burrows 9 and 10 from the rest in Table 2 also ate the ham and part of the oats they were offered. numerous prey species in the burrows inside the maComparison between the sizes of keyhole limpets in rine preserve, when considering all months together the rat burrows and the relative abundance of those (Table 2, Fig 2) . Other species of Fissurella, E limbata sizes in the field showed that rats feed on the smaller, and E maxima, were also abundant. The crabs relatively less abundant individuals of Fissurella crassa Allopetrol~sthes punctatus, Acanthocyclus gayi, and E ljmbata (Flg. 6a, b) . A similar pattern was obPetrolisthes violaceous, and Acanthocyclus hasssleri served for the muncid predatory snail Concholepas (in that order) werc the second most numerous group concholepas, in which the size mode captured by rats of prey items, although they were not present in all was clearly shifted toward small sizes, although some burrows. The mytilid Perumytilus purpuratus and the large snails were also eaten (Fig. 6c) The pattern for muricid gastropod Concholepas concholepas were also the small predatory crabs, Acanthocyclus gayi and A.
numerous in some, but not all the burrows (Fig. 2) . hasslerj, was different. These crabs attain a maximum (Fig. 7a, b) . The mean size (carapace length f SE) of Allopetrolisthes punctatus captured by crabs (26.34 f 0.33) corrcsponded to the largest size classes found in the holdfasts of Lessonia nigrescens (Cancino & Santelices 1984, p. 29) . The total biomass of invertebrate species (fresh weight of all species and all burrows pooled together) found in rat burrows inside the marine preserve fluctuated greatly during the year (Fig. 8) . No clear seasonal pattern was detected. However, a positive, although not significant relationship (p = 0.065, linear regression analysis) was observed between the biomass found in the burrows per month and the number of days of nocturnal low tides (tidal heights 50.30 cm) predicted for that month was observed IFia. 81. Mar. Ecol. Prog. Ser. 92: 187-199, 1993 Fissurella c r a s s a 
DISCUSSION
This study shows that Norway rats Rattus norvegicus are another, potentially important (see below) kind of intertidal predators. These rather unusual predators have not been previously reported to forage in the highly wave exposed intertidal zone of central Chile and only recently were they known to have such activities in the intertidal zone of southern Chile (Martinez et al. 1986 , Zarnorano 1986 ). The absence of systematic studies on predation by 'terrestrial' predators such as rats, mice, and racoons on intertidal communities might reflect the absence of these predators from other coasts around the world, or a bias of marine ecologists to disregard 'non-intertidal' predators. This study and previous reports by Martinez et al. (1986) and LENGTH (mm) Fig. 6 . Relative frequency of size classes of the keyhole limpets Flssurella crassa and E lirnbata, and the muricid predatory gastropod Concholepas concholepas inside rat burrows and in the field. Sample sizes in parenthesis tained remains of intertidal organisms (decapods, gastropods, and red algae), as well as plants and seeds. Intertidal items (pooled) made up to 46.7 % of the stomachs of this species (Table 3) . 
Population estimates
Trapping in the marine preserve of Las Cruces showed that there is a guild of endemic and introduced rodents and rodent-like mammals associated with the littoral zone. The cricetids Akodon olivaceus and Oryzomis longicaudatus found in the marine preserve are among the most abundant rodent species in habitats as different as semiarid scrub in central Chile (e.g. Meserve 1981 ) and temperate rain forest in southern Chile (Murua & Gonzalez 1979 , Murua et al. 1987 , Munoz-Pedreros et al. 1990 , Redford & Eisenberg 1992 . Both species were also found associated with the intertidal zone of Punta Metri, southern Chile, where they prey on intertidal algae and invertebrates (Martinez et al. 1986 ). The The murid Rattus rattus has also been Zamorano (1986) should stimulate marine ecologists to reported to prey in the intertidal zone of southern take a closer look at this kind of terrestrial influence on Chile by Martinez et al. (1986) and Zamorano (1986) , intertidal systems. A better understanding of the links but it was not present in our study in Las Cruces. On between ecosystems (i.e. terrestrial and marine interthe other hand, Marmosa elegans and Mus musculus tidal, intertidal and pelagic) is necessary to addressing have not been recorded for southern Chile, but they urgent ecological problems, such as pollution, habitat were captured in Las Cruces using similar methodoldestruction, rapid species extinctions, and global cliogy (live and snap traps). mate change (Odum 1992, Navarrete et al. in press) .
It is difficult to obtain reliable estimates of abun- Table 3 . Prey items found in stomachs of Rattus norvegicus (n = 29) and Mus musculus (n = 6) in Las Cruces, Chile. The frequency is the proportion of individuals in which a particular prey item was found. Relative percentage (%) is the proportion of a prey item in the diet pooling all individuals together Empty stomachs were not considered. N = total number of prey items examined 
Behavior of Rattus norvegicus
Digging and utilization of burrows by Rattus norvegicus is a well known behavior of both laboratory and wild strains of the species (Price 1977 , Nieder et al. 1982 . The burrows located in Las Cruces varied widely in size (ca 8 to 40 cm in diameter) and in the frequency of use by the animals (as revealed by the number of tracks left in smoked plates around the burrows and by the total number of prey found in them; Fig. 2 ). It seems that some of the burrows are used on a more or less permanent basis, while others are used only occasionally to eat prey captured in the intertidal zone. The presence of the owl Tyto alba (mostly a nocturnal predator; Jaksic et al. 1981) in the littoral zone of the marine preserve and the finding of remains of a small R. norvegicus in pellets of this predator (pers. obs.), suggests that rats may use burrows to seek refuge from predators while eating prey. Indeed, central place foraging behavior (a predator that returns to the same place after each foraging bout) has been observed in rats in the laboratory (Phelps & Roberts 1989) and in the field (Parisi & Gandolfi 1974 , Nieder et al. 1982 . Nieder et al. (1982) observed rats under semi-natural conditions bringing most of the food (>Q0 %) they collected to burrows, but sometimes they ate the prey and leave the remains in sort of temporary refuges along pathways to the burrows. Some of the burrows with low numbers of intertidal prey found in Las Cruces might be this kind of refuge for the rats. In any case, since rats do not bring all the prey they capture to burrows, the total numbers of intertidal prey in the burrows of Las Cruces should be considered an underestimation of the total numbers captured by rats. Also, some items might be brought back to the burrows more than others, biasing their representation in the burrows.
Diet composition
Rattus norvegicus are generalized predators with an extremely broad diet encompassinq in this case 41 different species of intertidal organisms. Despite this broad diet, however, variation in prey composition between burrows suggests that individuals tend to p r p f~r or be better at preying on either keyhole limpets or crabs, the numerically most important prey items in their diet. Analysis of stomach contents revealed the importance (relative abundance) of intertidal prey in the diet of the rats, as intertidal prey made more than 40 % of the total food items. Similarly, analysis of stomach contents of the house mouse Mus musculus showed that intertidal prey can be an important part of the diet of this species as well. The presence of prey species from the very low intertidal zone inside the burrows suggest that rats forage close to the water and it is possible that they get in the water and perhaps dive to capture prey. Indeed, rats are known to be good swimmers and divers in rivers, where they capture snails and mussels (Parisi & Gandolfi 1974 , Nieder et al. 1977 , 1982 . Interestingly, during the course of the mark-recapture study, most of the animals released in the field after being marked ran down toward the ocean and a few swam across small tidepools to seek refuge in crevices, instead of running up toward the nearby vegetation.
The absence of most keyhole limpet species in the burrows outside the marine preserve suggests some degree of separation between individual rats preying inside and outside the preserve. However, when comparing the burrows in a multivariate setting using all prey species, no clear differences between inside and outside the preserve were found. Moreover, 2 species of soft-bottom bivalves that normally are not present inside the preserve (there are no sandy beaches inside the preserve) were found in the rat burrows inside the preserve. Although small sample sizes outside the preserve (2 burrows) difficult these comparisons, it seems likely that the fences of the preserve, designed to prevent trespassing of humans, do not stop the movement of rats through them.
Potential effects on intertidal communities
Rats prey on the mussel Perumytilus purpuratus, the competitive dominant for primary space (Paine e t al. 1985) . If this predation occurred frequently, they could have an impact on the entire community (e.g. Paine 1966 ). However, it seems unlikely that they have much effect on the mussel population because of the low number of individuals found in the burrows. Rats also prey on the keystone predator Concholepas concholep a s (Castilla & Duran 1985) , but the numbers and frequency of capture of this species were also low. The potentially most important effects of rats in the marine preserve is on the keyhole limpet Fissurella crassa and E limbata. Rats fed on the smaller and less abundant size classes of these species. This size-selective predation may reflect mechanical restrictions to dislodging larger individuals. Considering the number of keyhole limpets found in 8 rat burrows in a year (451), and a n estimated population of rats of 31 X 5 (= 155) individuals for the marine preserve (see above), rats can remove over 8738 small (20 to 55 mm long) keyhole limpets in a year. Considering a n average density of small limpets of about 5.2 f 3.5 ind. m-2 (Oliva & Castilla 1986, S. Navarrete unpubl. data), a strip of intertidal about 5 m wide (tidal range is about 1.5 m) in the low intertidal zone where the limpets are found, and 1780 m of coast (measured from aerial pictures a s the rough line of coast at the high water level with all channels and major indentations but not considering rocky islets), the marine preserve contains a total of about 46 200 small keyhole limpets. Thus, Norway rats could potentially remove ca 19 O/o of the small limpets in the marine preserve in a year, which could have important effects on the population structure and abundance of these herbivorous species. In turn, keyhole limpets seem to be able to control the abundance of algae in the low intertidal zone when harvesting by humans is prevented (Oliva & Castilla 1986 ). Outside the marine preserve, where populations of keyhole limpets are depleted by humans (Oliva & Castilla 1986 , Duran et al. 1987 , the effects of rats could be swamped by human harvesting. When human harvesting is prevented (inside the preserve), rats could compensate for part of the effects of humans on keyhole limpet popul a t i o n~.
Rat abundance appeared higher in the marine preserve than in a human harvested locality, Punta Salinas, further from the village of Las Cruces and with a different littoral topography. Although replication of sites and long-term monitoring are necessary, these differences might suggest that rat abundance declines with distance from human populations, a s shown in several other studies (Childs 1986 , Brodie 1988 , Glass et al. 1988 , Redford & Eisenberg 1992 . If t h~s is the case, the distance from sea-villages and cities may be an important factor In deciding locations of marine preserves.
